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As ocular or industrial toxicologists, our paramount concern is the role of the laboratory animal in ocular toxicity and, as in all forms ofcomparative study, the effect of species variation upon the interpretation of results. Important to any meaningful interpretation are the adequate examination procedures and the knowledge of spontaneous disease indigenous to the laboratory animal. Additionally, the various idiosyncrasies of the varied ocular anatomy and respective physiology must be considered when interpreting test results. The recognition of the normal is essential before the diagnosis of the abnormal is possible. Within the eye, for example, there is a blood-aqueous bamer which regulates the type and quantity of chemical substances entering the ocular fluids. Inflammation of the ocular tissues can change the permeability of the blood vessels supplying the eye. One of the changes in these blood vessels is increased permeability leakage, which disrupts the barrier between the blood and intercellular fluid and the fluid in the ocular chambcrs (i.e., blood/ aqueous humor bamer).
The lens is avascular and entirely enclosed within a capsule, with its proportional volume to aqueous or vitreous being quite variable among the different laboratory species, an occurrence which becomes important in specific types of investigations. Additional anatomical variations, such as the presence or absence of a tapetum, as well as the type ofretinal vasculature, are also of paramount importance. The retinal vascular system shows the greatest degree of variation in the ocular fundus of common laboratory animals. There may be a complete absence ofvessels, in which case its retina is nourished entirely from the choriocapillaries, or any number of vessels to a system of vasculature in which the entire retina is covered and from which the capillaries can reach posteriorly to the level of the rod and cone nuclei. A classification of the appearance of the fundus of laboratory animals on the basis of their vascular appearance is presented. a, The "holangiotic" fundus, in which the retina receives its blood supply directly from a central artery or from cilio-retinal arteries. This type occurs in the dog, cat, rat, sheep, and the common laboratory primates. b. The "merangiotic" fundus, in which a part of the retina is supplied with vessels. This is seen in the rabbit. c. The "paurangiotic" fundus, in which the vessels are small and extend only a short distance from the disc. This occurs in the horse and guinea pig.
d. The "anangiotic" fundus, in which the retina is without vessels. This occurs in some rodents, but not in any that are usually found in the laboratory.
Ocular toxicity in general may be manifested as: 1) the imtant effect of topically applied substances 6n;the ocular tissues; 2) the intraocular effects of topically applied substances; and 3) the intraocular effects of systemically administered substances. There are numerous published examples of ocular toxicity as a result of systemic administration of chemical or drug substances and probably even more have been published.
The lenticular, retinal and choroidal tissues appear to be favorite sites for untoward toxic effects in eye. The specialized choroidal structure (tapetum lucidum) present in some laboratory animals may 222 also have specific toxicologic involvement. This target tissue/structure becomes a point of great importance when interpretation or extrapolation of the findings of toxicological significance to man becomes necessary.
The lens demonstrates characteristic responses to toxic insults. The lens does not undergo inflammatory changes due to the lack of a blood supply, but does display degenerative changes commencing with osmotic changes with resultant lens fiber swelling. Following coagulation and proteolysis of the lens protein, the lens fibers rupture and degenerate. For a compound to be cataractogenic it must enter the anterior chamber by traversing the bloodaqueous bamer. Toxic levels of a compound in the aqueous humor may be achieved by prolonged administration, slow excretion, or the result ofdaily high doses. Cataracts induced by compounds may be classified into general categories: transient or permanent. Transient reversible lenticular aberrations are usually associated with a disturbance in the osmolality in the aqueous humor causing hydropic changes of the lens fibers. Compounds which induce this type of cataract are morphine-like analgesics, phenothiazines and other CNS compounds, and cholamines to mention a few. Usually the animals are rendered semi-comatose, in recumbancy, with the eye lids partially or fully opened. Closure of the eye lids usually prevents this type of lenticular aberration from occurring.
Permanent compound-induced cataracts also follow a distinct pattern. In general, there is usually a hiatus between the onset of cataract following drug administration. This latent period of time may represent a few days to several months. A common form of compound-induced cataract is the type originating at the posterior pole of the lens. The initial sign of this type of cataract is a subtle subcapsular change affecting the posterior "Y" sutures. The sutures become prominent surrounded by a groundglass appearance (small vacuoles). Subsequent changes in progression are characterized as geographic or triangular opacities surrounding the subcapsular sutures (feathering of lens sutures) in the posterior cortex initially, giving the appearance of a snow-flake like opacity. Similar changes affecting the anterior pole of the lens usually follow prior to progression to a mature cataract or complete opacification of the total lens. With rapid developing cataracts of this type, lens-induced uvcitis may occur. Histomorphologically, the cataractous changes are characterized by swelling, rounding, and degeneration of the cortical fibers and early bladder cell formation as well as edema, liquefaction and frag-mentation of lens fibers with morgagnian globule formation. The cataracts which occur secondary to hyperglycemia show a variety of morphological patterns during development to mature cataracts. Diabetic cataracts are usually bilateral, involve both the anterior and posterior subcapsular regions, and progress rapidly (5) .
The tapetum has been reported to be a target organhtructure oftoxicity with a number oftest agents in several studies with animals having this structure (4, 6, 7) . In general, toxic aberrations of the ocular fundus may be classified into four main categories: 1) those which affect the retinaVchoroida1 vasculature; 2) exudates (from vascular leakage or other source); 3) those which are degenerative/atrophic changes; and 4) those which induce tapetal decoloration.
The techniques of the histologist/histochemist are available to the toxicologist as a means of further aiding in interpretation of the effects of chemical substances adversely affecting ocular tissue. It is understood, however, that the significance of the direct observation of toxic ocular effects ill vivo cannot be replaced by histological examination. Ofparamount importance for the histologist is to have an idea of what to look for, and where to look for it.
In summary, ocular toxicology investigation requires excellent ophthalmoscopic examination procedures, histological correlation, consideration of environmental condition as well as the knowledge of the eyes of laboratory animals under investigation.
